Amino acid substitutions in the C-terminal AAA+ module of Hsp104 prevent substrate recognition by disrupting oligomerization and cause high temperature inactivation.
Hsp104 is an important determinant of thermotolerance in yeast and is an unusual molecular chaperone that specializes in the remodeling of aggregated proteins. The structural requirements for Hsp104-substrate interactions remain unclear. Upon mild heat shock Hsp104 formed cytosolic foci in live cells that indicated co-localization of the chaperone with aggregates of thermally denatured proteins. We generated random amino acid substitutions in the C-terminal 199 amino acid residues of a GFP-Hsp104 fusion protein, and we used a visual screen to identify mutants that remained diffusely distributed immediately after heat shock. Multiple amino acid substitutions were required for loss of heat-inducible redistribution, and this correlated with complete loss of nucleotide-dependent oligomerization. Based on the multiply substituted proteins, several single amino acid substitutions were generated by site-directed mutagenesis. The singly substituted proteins retained the ability to oligomerize and detect substrates. Intriguingly, some derivatives of Hsp104 functioned well in prion propagation and multiple stress tolerance but failed to protect yeast from extreme thermal stress. We demonstrate that these proteins co-aggregate in the presence of other thermolabile proteins during heat treatment both in vitro and in vivo suggesting a novel mechanism for uncoupling the function of Hsp104 in acute severe heat shock from its functions at moderate temperatures.